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This book, Chemistry I , is specially tailored for Pre-University students in Universiti 
7 Malaysia Sara wak who intend to pursue their studies in either biological or physical 
) 	 science courses . It covers all the topics of t h e course P R.KI 01 6, Chemis try I which is 
offered in Semester 1. This book provides a useful transition from sch ool to university 
level as well a s a suitable refer ence for STPM, A-level or a ny other pre-university and 
first year u niversity ch emistry courses. 
The a pplication s of chemistry have changed due to the numer ou s modern challenges 
such as the creation of a greener environment, r eduction of global warming, 
determination of genetic m akeup to treat diseases and others. The basic concepts of 
chemistry still form the essence of the course. Therefore , the book starts with t h e basic 
scientific m ethods of h a ndling data with special emphasis on all units of 
measurements to be included in t h e steps of calculations. Then t here is the 
conserva tion of mass and mole concept applied to the amount of s ubsta nces involved in 
a chemica l reaction. Thermochemistry relates h eat a nd chemical changes. The atomic 
properties , the periodic t rends of elem ents and types of bonding determine the 
m olecular structures which in turn r esult in behaviour of substa nces . We also 
emphasised on mech anistic studies of m ost or ga nic ch emical reactions as 
understanding the mechanism of reactions would make the s ubject mor e interesting 
a nd ea sier to explore. 
As conceptual lear ning and problem-solving are fun damental approaches to t he study 
of chemistry, there are examples of problem-solving after ea ch chemistry concep t in the 
book. We also provide exercises as th e tools for stude nts to become criti cal thinkers and 
to learn to apply principles a nd rules. The answers for the exercises a nd multiple 
choice questions are provided at the end of each t opic. 
Lastly, as all t h e chemistry concepts have been presented as simple and clear as 
possible, we hope th at t his book will help students to gain sufficient chemistry 
knowledge to meet the r equirement of any science courses at university level. 
The writers 
Chemistry Uni t 
Centre for Pre-University Studies 
UNIMAS 
XXI, 
1 CHEMISTRY AND CHEMICAL NOMENCLATURE 
1.1 Introduction 
People, young or old, would always like t o ask the question: "What is it made of''' This 
could be just natura l curiosity, but i t has led men to investigate the n a ture of the world 
a round them . It has inspired great discoveries a nd led to advances in our knowledge . 
1.2 Matter, Elements and Compounds 
Chemistry deals with th e proper ties and t ransformation of matter a nd the ener gy 
associated wit h those ch a nges . One of t he mos t im portant task s of chemists is to st udy 
the nature of matter. Ma tter is anything that occupies space (volume) and h as mass 
such as air, water, planets, a nd s tuden ts. Matter occurs commonly in three physical 
states: solid, liquid or gas. It exists either as pure m atter or impure matter. The pure 
matter can be an el €lnent or a compound, and impure ma t ter is a mixture (Figure 
1.1). 
A complex substance can be broken down to s impler substance. A pure substance 
which cannot be chemically broken down into simpler substances is known as 
eleme nt. An element consists of only one type of par t icles and th e particles can be 
either atoms or molecules . 
Exa mples: 	Atoms: Na, K, Mg, etc 

Molecul es: 0 2, H z, C\', etc 

A compound is usuaJJy made up of two or more elements which are ch emica lly 
bonded together so t hat the elements that mak e up the compound lose their iden titi es 
and take on a new set of proper t ies. A compound is m ade up of ei th er molecules 
(molecular compounds) or ions (ionic compounds). 
Examples: 	Molecula r compound: H20, C02, NH3, etc 

Ionic compound: NaOH, NH40H, NaCl, MgSO. etc 

A mixture is an impure matter consisting of two or more elements or compounds 
that are mixed without combining chemically. Each part of t h e matter in a mixture has 
its own identity (property) . Each matter can be separated using physical or mechanical 
means . 
There are two types of mixtures: heterogeneous mixtures a nd homogen eous 
mixtures. Heterogen eous mixtures are s ubs ta nces composed of two or more 
components that are not uniformly distributed throughout t he system. They are 
immiscible, m ay be of differ ent phase, and can be separated by mechanical means . 
Examples are sand a nd water (liquid a nd solid), oil a nd water (liquid and liquid), rock 
(solid and solid). A h et erogeneous mixture is called a suspension or colloid. 
Homogeneous mixt ures are s ubsta nces composed of two or more components that 
a r e uniformly distributed throughou t the system . They are miscible, of a single phase, 
a nd cannot be sepamted by mechanical means . A homogeneous mixture is called a 
solution. Examples are vinega r (water and acetic acid a re mixed evenly throughout), 
soft drinks, and glass. 
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An atom is t he smallest neutral particle of an element that can take part in a 
chemical reaction. A molecule is a neutral pa rticle made up of either atoms of the 
same element or atoms of different elements. For example, 0 2 a re molecules made up 
of atoms of same element ; while C02 are molecules made up of atoms of different 
elements. An ion is a charged particle of either one atom, Na+; or a group of atoms of 
different elements, S0 42- . 






Pure 	 Impure 
I 	 I 
Element Compound Heterogeneous Homogeneous 
I I (oil and water) (vinegar) 
'l- ,J; 
Atom Molecule Ion 
(Fe) (02) (NaCl) 
Figure 1.1 Classification of matter 
Chemists observe two types of pl'Oper ties, physical and chemical, which a re 
closely related to two types of change that mat ter undergoes . Physical properties ar e 
those that a subs tance shows by itself, withou t ch anging into or interacting with 
another substance. Physical properties include colour, melting point, density, electrical 
conductivity, and smelL A physical change occurs when a substance alters its physical 
form, not its composition. 
Water (solid) -> Water (liquid) 
Chemical properties a re those that a substance shows as it changes into or 
interacts wit h a nother substance (or substances). Some examples of chemical 
properties a re reactivity with acids, flammability, a nd corrosiveness. A chemica l 
change (chemical reaction) occurs when a substance (or substances) is converted into a 
differen t substance (or substances). 
Water (liquid) -> Hydrogen (gas) + oxygen (gas) 
Exercise 1.1 
1. 	 Decide wheth er each of the following processes is a physical change or a 
chemical ch ange, and explain briefly. 
(a) Dissolving sugar in water. 
(b) Dissolving sodium chloride in water. 
(c) Mixing acid and base. 
(d) An iron na il forming rust s lowly in air . 









1.2.1 Symbols and Formulae 
The symbols of a chemical ele men t are abbreviations that are u sed to denote a 
chemical element. Typically, they are one or t wo· letters long with the fir st let ter 
capitalised. The ele men ts with a s ingle letter symbol a re generally the common ones 
such as oxygen , or carbon , or they might be the only elements that start with that 
p articular letter. 
Most of the elements have double letter symbols . That second le t ter is usually the 
first non·common letter between elements that have na m es s ta rting with the sa me 
letter. For example, chromium and chlorine both start with "C" and so does the symbol. 
They both have "h" for the second letter but the third letter is differe nt; it is "1" for 
chlorine a nd "r" for chromium. Thus , the symbol for chlorine is Cl a nd for chromium is 
Cr. 
The symbols of a n element a lso r epresent specific amount of that element. For 
example, the symbol 0 r epresents one oxygen a tom or 1 mole (6.02 x 1023) of oxygen 
atoms; the symbol Na represents one sodium atom or 1 mole of sodium a toms . 
Chemical Formulae represent chemical compounds showing t he combination of 
the symbols of the constituents' elements. For example. the formula H20 r epresents 
wa ter or 1 mole of wa ter molecule; the formula NaCI r epresents sodium chloride or 1 
mole of sodium chIOl·ide. 
1.3 Measurement in Scientific Study 
In 1960. a metric system was established a nd accepted by scient ist s throughout the 
world. The units of this system are called SI unit s. Table 1.1 shows the SI system 
which is based on a set of seven fundamental units. or base units, each of which is 
identified with a physical quantity. 
All other units, called derived units, a re a combina tion of these seven base units. 
For example, the derived unit for speed, meter per second (m S-I) , is t he base unit for 
length (m) divided by the base unit for time (8). 
Table 1.1 81 I3ase Units 
Physica l Quantity 
__(Dimension) Unit Name 
Unit 
Abbreviation 
Mass Kilogram kg 
Length Meter m 
Time Second s 
Temper ature Kelvin K 
Electric Current Ampere A 
Amount of Substance Mole mol 
Luminous inten sity Ca ndela cd 
For quantities that are much sma ller or much larger than the base unit, we use 
prefixes and expon entia l (scientific) notation. Table 1.2 shows the most import ant 
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prefixes. Exponential (scientific) notation provides a much more practical way of 
writing very large or very small quantities. They are expressed as: 
A x IOn where 1:s A < 10 and n is an integer. 
Table 1.2 Common Decimal Prefixes Used with SI Units 
Prefix Symbol Number Word 
Exponential 
Notation 
tera T 1, 000, 000, 000, 000 trillion 10'2 
gIga G 1,000,000,000 billion 109 
mega M 1,000,000 million 106 
kilo k 1,000 thousand 103 
hecto h 100 hundred 102 
deka da 10 ten 10 1 
" " 1 one 100 
deci d 0.1 t e nth lO-' 
centi c 0.01 hundredth lO-2 
milli m 0.001 thousandth 10-3 
micro >' 0.000001 millionth 10-6 
nano n 0.000000001 billionth 10 9 
pIca p O. 000000000001 trillionth 10-12 
Table 1.3 shows some useful SI quantities for length, volume, a nd mass, a long with 
their equivalents in the English system. In chemistry, the most important volume 
units are liter (L) and milliliter (mL). 
1 L =1 dm3 = 10-3 m 3 
1 mL = 1 em3 =10-3dm3 = 10-3 L 
Table 1.3 Common SI - English Equiva lent Quantities 
Quantity 81 8 l Equivalents 
" 
E n glis h 
Equivalent 
E n glis h to 8 1 
E quivale nts 
1 kilomete r (km) 1000 (10' ) meters 0.62 14 mile (mi) 1 mile - 1.609 km 
Le n gth 1 meter (m) 
100 (10') centimeters 1.094 ya rds (yd) 1 yard - 0 .9 144 m 
103 millimeters (mm) 39.37 inches (in) 1 foot (ft) - 0.3048 ill 
1 centime ter (em) 0.01 (10 2) me ter 0. 3937 inch 1 inch - 2.54 em 
1 cubic meter (mS) 
1,000,000 (106) cubic 
centimeters 
35.3 1 cubic reet (ft' ) 
1 cubic foot - 0.02832 
m3 
1 cubic decimeter 
103 cubic centimeters 
0.2642 gallons (gal) 1 gallon = 3.785 dm'. 
Volume (dm')" 1.057 quarts (qt) 1 qua r t =0.9464 dm' 
1 cubic centimeter 
(em')" 
0.001 (10-'.) dm' 0.03381 fluid ou nce 
1 qualt ­ 946.4 em' 
1 fluid ounce :::: 
29.57 em' 
Mass 
1 kilogram (kg) 1000 grams 2.205 pounds (lb) 1 pound = 0.4536 kg 
1 gram (g) 1000 milligrams (mg) 0.03527 ounce (oz) 1 ounce = 28.35 g 
*dm3 = L; **cm3 = mL 
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